The goal of this study was to determine if memory would be improved by donepezil as compared to placebo in a multicenter, double-blind, randomized clinical trial (RCT).
Acetylcholinesterase inhibitors (AChEI) are a promising option for treating MS-associated cognitive impairment. 6 MS does not involve a selective reduction of cholinergic neurons as in Alzheimer disease (AD), but there is evidence of reduced cholinergic activity in MS. 7 In addition, lesions targeting cholinergic pathways have been found to correlate with memory impairment in MS. 8 Some, but not all, small randomized clinical trials (RCTs) in MS have been positive. [9] [10] [11] [12] [13] The largest study was a single-center placebo-controlled RCT of 69 participants, which showed that donepezil relative to placebo improved verbal memory (p ϭ 0.043) and self-reported memory (p ϭ 0.006). 9 However, a more recent study comparing rivastigmine to placebo in 60 patients with MS showed no treatment effect. 13 The goal of the current study was to determine whether prior suggestions of the efficacy of donepezil on verbal memory 9 could be confirmed in a larger multicenter study.
METHODS Study population. Participants were enrolled from 5 Northeastern United States hospital-based MS centers from June 2005 to October 2008. Eligibility criteria included a clinically definite MS diagnosis, 14 age from 18 to 59 years, and Expanded Disability Status Scale (EDSS) score Յ7.0. 15 Participants could not have received steroids within 4 weeks of screening. All MS subtypes were eligible. Participants had to score Յ0.5 SD below age-and gender-corrected normative data on the Rey Auditory Verbal Learning Test (RAVLT). 9, 16 Concurrent use of antidepressants, antispasticity agents, and diseasemodifying therapies were permitted. Participants had to agree to maintain stable doses of all medications to the extent possible. Benzodiazepine use was a basis for exclusion as these medications can affect cognition. 17 Other exclusion criteria included prior use of donepezil, a current diagnosis of major depression, current alcohol or substance abuse, and history of any other neurologic or medical condition that could adversely affect cognition.
Standard protocol approvals, registrations, and patient
consents. An institutional review board at each site approved the study. All participants provided written informed consent. The clinical trial is registered with clinicaltrials.gov (protocol ID: Teva186557-1).
Study design. This RCT used a 24-week double-blind,
parallel-group design, as previously used in MS, 9 and as commonly used in AD 18, 19 and vascular dementia. 20 The initial dose was 5 mg donepezil daily, increased to 10 mg daily at week 4. 18, 21 Participants were administered neuropsychological tasks and questionnaires at week 0 (baseline) and week 24. Testing typically required 2 to 3 hours with breaks provided as needed. The treating neurologist assessed each patient during the study visits. A separate evaluating clinician performed a structured interview to assess cognition at baseline and at the end-of-study visit. Medication compliance and adverse events were monitored by tele-phone at weeks 8, 12, 16, and 20 , and in-person visits with the treating neurologist at weeks 4 and 14.
Randomization. Using a random number generator, participants were assigned by the pharmacist at the Stony Brook University Hospital site to receive either donepezil or placebo in a 1:1 ratio, using a randomization scheme stratified by gender, MS type (relapsing-remitting [RR], secondary progressive [SP], primary progressive [PP]), and study site (Stony Brook, Rochester, Buffalo, Rhode Island, Dartmouth). The pharmacists at each site were the only individuals informed of the randomization assignments and were responsible for labeling study drug and maintaining a master list linking patients with treatment assignments. All other research staff and participants were masked regarding treatment assignment. Masking of active and placebo treatments was preserved by creating capsules that appeared identical.
Power. The study was powered on the basis of the findings for the primary outcome in a prior clinical trial with donepezil in MS (change in Selective Reminding Test [SRT] sum of recall). 9 With sample sizes of 34 and 35 (placebo and donepezil), the previous RCT showed a placebo mean change of 0.68 Ϯ 6.34 (mean Ϯ SD) and donepezil mean change of 4.57 Ϯ 9.05, yielding t(67) ϭ 2.06, 2-tailed p value 0.043. With a proposed sample size of 144 with 10% attrition leaving 130 completers (n 1 ϭ n 2 ϭ 65), and standard deviations of 6.34 and 9.05, power was estimated to be 82.5% for an effect of 4 points (2-sided test, 5% type I error rate). With actual sample sizes of 61 for donepezil and 59 for placebo, there was a modest decrease in power to 79.1%.
Study hypotheses.
The primary hypotheses were that donepezil would enhance verbal learning and memory more than placebo on the SRT, and that persons on donepezil would be more likely to report improved memory after treatment. Secondary hypotheses were that, compared to placebo, donepezil would enhance performance on other neuropsychological tasks (e.g., assessing attention, information processing speed, executive functions), and that evaluating clinicians and significant others would report more general cognitive improvement in persons randomized to donepezil.
Outcome measures. There were 2 primary outcome measures: change in total recall on the SRT and self-reported memory change. The SRT measure of verbal learning and memory is part of the widely used Brief Repeatable Battery (BRB). 22 The SRT was chosen because it assesses cognitive processes most commonly impaired in MS, 1 and has previously responded favorably to donepezil in MS. 9, 23 Secondary neuropsychological outcomes included the other BRB tasks, 22 plus 2 measures from the Minimal Assessment of Cognitive Function in Multiple Sclerosis (MACFIMS), 24 Judgment of Line Orientation, 25 and Delis-Kaplan Executive Functions System (D-KEFS) Sorting Test. 26 Secondary self report outcome measures included a participant's impression of overall cognitive (not just memory) change, and impressions of memory and cognitive functioning from the perspective of the participant's partner (when available) and the evaluating clinician. The evaluating clinician's ratings were based upon their structured interview assessing the participant's cognitive functioning at baseline and 24 weeks, which included the administration of a clinician version of 2 questionnaires assessing a participant's reported cognitive abilities, the Multiple Sclerosis Neuropsychological Questionnaire (MSNQ), 27 and a brief 5-item questionnaire we designed called the Brief Assessment of Memory and Attention (BAMA). The MSNQ and BAMA were administered at weeks 0 and 24. At the 24-week visit, the MSNQ and BAMA were modified to ask about change from study baseline. The evaluating clinician was allowed only to ask about cognitive functioning and was specifically masked to any adverse events that the participant might have experienced due to study medication. Additional secondary questionnaire measures completed by the participants included the Chicago Multiscale Depression Inventory (CMDI), 28 and a self-report measure designed for this study, the Occupational Functioning Questionnaire (OFQ), which was used to assess disability and whether their disability was due in part to mental challenges that they attribute to MS.
Statistical analysis. All statistical analyses were performed on all participants randomized to either donepezil or placebo using an intention-to-treat principle. A last-observation-carriedforward imputation strategy was used for missing data. There were 2 primary analyses: one for SRT change score and one for self-reported memory improvement. The SRT analysis used linear regression to compare differences in SRT change between the donepezil and placebo groups. Change score was the dependent variable and the independent variables were drug treatment, baseline SRT score, and the stratification variables of gender and MS type. Additional analyses controlled for any significant baseline differences between groups. Analyses of other continuous outcome variables used a similar approach. Group difference on the categorical primary outcome of self-reported memory improvement was analyzed by the 2 test, as were other categorical outcomes. All statistical tests were 2-tailed. A p value of Ͻ0.05 was considered significant. Analyses were performed with SAS, version 9.2, and PASW Statistics 17.0 software. There was no interim analysis.
RESULTS Study population and baseline characteris-
tics. As shown in the figure, a total of 247 individuals with MS were screened for the study and 120 were enrolled. The most common reasons for not meeting eligibility criteria are shown in the figure. Of the 120 enrolled participants, 113 completed their final visit and data collection.
While the eligibility criterion for memory function required that subjects perform at least 0.5 SD below norms on the RAVLT, 16 the mean impairment of enrolled subjects was 1.7 Ϯ 0.9 SD below norms, similar to a prior donepezil study in MS. 9 A total of 42.5% of enrolled participants performed below fifth percentile of published norms (1.65 SD or more below the mean). 29 As shown in table 1, the 2 groups did not differ significantly on most demographic or baseline features. However, the donepezil group had more years of education ( p ϭ 0.027) and higher reading scores on the Wide Range Achievement Test 3 (WRAT 3) ( p ϭ 0.026). 30 The groups were well-matched on most disease characteristics (e.g., MS subtypes, EDSS). There were no differences between groups in the use of anticholinergic medications (e.g., tricyclic antidepressants). However, the donepezil group had a longer self-reported disease duration as measured from symptom onset ( p ϭ 0.039). Self-report on the OFC indicated that a total of 38% of those on placebo and 44% of those on donepezil were on disability. OFC responses also indicated that cognitive challenges associated with MS contributed to disability in 76% of the placebo and 65% of the donepezil group.
On the SRT (see table 1), the placebo group had a baseline mean score that was nonsignificantly lower than in the donepezil group. The mean performance of the placebo group on the SRT was 2.4 Ϯ 1.3 SD below an age-and education-matched healthy control group (from Stony Brook) while the donepezil group was 2.2 Ϯ 1.4 SD below these healthy controls. On the overall BRB battery, the donepezil group was 1.3 (SD ϭ 0.80) and the placebo group 1.5 (SD ϭ 0.90) SD below healthy controls. No baseline differences between the donepezil and placebo groups reached significance on any of the neuropsychological test measures or questionnaires.
Efficacy. As shown in table 2, there was no significant treatment effect for the primary neuropsychological outcome measure (change in total recall on the SRT) or any other neuropsychological measure. Results for the primary neuropsychological outcome were no different in a secondary analysis that controlled for the additional covariates of years of education, WRAT 3 reading score, age, and study site, in addition to the primary analysis covariates of gender, MS type, and baseline SRT total score. Results remained nonsignificant when week 24 SRT was used as the dependent variable instead of the change in total recall. Results also remained nonsignificant when week 0 SRT was eliminated as a covariate while retaining SRT change as the dependent variable. Overall, both groups improved slightly on the SRT total score. There were also no group differences found in 2 analyses that compared the proportion of subjects in each group who displayed a reliable change in their Table 2 Mean ؎ SD (95% CI) performance of the donepezil and placebo groups on the SRT primary outcome and other neuropsychological tasks at week 0, week 24, and week 24-0
Week 0
Week 24
Week 24-0 SRT total score (an increase or decrease of at least 1.96 Z score points), nor were there any 2 differences in reliable change on any of the other neuropsychological measures (table e-1 on the Neurology ® Web site at www.neurology.org). Nonsignificant results were also obtained in secondary analyses of other SRT scores (consistent long-term retrieval, long-term storage, and delayed recall). As shown in table 3, there was no significant group difference on the primary outcome measure of self-reported memory change, or on any other perceived cognitive change measure. The absolute risk reduction for self-reported memory change was 0.5%, and the number needed to treat (NNT) was 200 (1/0.5%), with a 95% confidence interval (CI) for NNT of 5.72 to infinity and a 95% CI of 6.02 to infinity for number needed to harm (NNH). 31 The only outcome measure showing a trend ( p ϭ 0.097) favoring donepezil was the evaluating clinician's impression of memory change, which had an absolute risk reduction of 14.0%, and an NNT that was 7.14 with a 95% CI of 37.8 to infinity for NNT and 3.3 to infinity for NNH.
The subgroup of participants not taking anticholinergic medications were no more likely to benefit from donepezil on the primary outcomes than were persons taking anticholinergic medications.
Exploratory subgroup analyses on the 51 participants with verbal memory impairment defined by performing below the fifth percentile on the RAVLT 16 showed that donepezil-treated subjects improved more on the primary outcome of SRT total recall than those on placebo ( p Յ 0.045), plus trends favoring the donepezil group for SRT long-term storage ( p Յ 0.085), and PASAT total score ( p Յ 0.069).
Adverse events.
No serious adverse events were attributed to the study medications. As shown in table 4, diarrhea was the only adverse event more frequent with donepezil than placebo ( p Ͻ 0.05). Other gastrointestinal symptoms, urinary frequency, and upper respiratory infections were also reported more often by those on donepezil, but none differed significantly between the 2 groups. In contrast to a prior donepezil RCT, 9 there were no significant differences in the frequency of vivid dreams.
Overall the study was well-blinded despite some group differences in the side effect profile. A total of 30% of placebo recipients and 40% of donepezil recipients treated correctly guessed their group assignment. DISCUSSION Cognitive impairment affects 40% to 60% of individuals with MS 1,2 and no medication has been consistently shown to be effective for this problem. A prior RCT in mildly impaired patients with MS showed that donepezil relative to placebo led to modestly greater improvements on a test of Table 3 Percent of individuals in each group who reported improvement in memory or overall cognition verbal learning and memory. 9 However, the current study failed to confirm this benefit as donepezil did not differ from placebo in improving a test of verbal memory or self-reported memory change. Donepezil also failed to improve any of the other neuropsychological measures. This negative RCT had a multicenter design and a larger sample size than the earlier positive trial, 9 though it had the same eligibility criteria and primary outcome. There were some baseline differences between the 2 groups in this study. The donepezil group had more years of education and performed better on the WRAT 3 reading task. However, there were no significant differences in the estimated treatment effect after controlling for these baseline differences. While disease duration was longer in the donepezil-treated group, other disease parameters including proportion of patients in each MS subgroup and mean EDSS did not differ between groups.
Why was this study negative whereas a smaller single-center RCT showed a positive treatment effect? 9 One can come to either of 2 conclusions: the medication is ineffective in MS or some aspect of the study design limited the ability to identify an actual treatment benefit. It is possible that an AChEI such as donepezil that was designed for use in AD is inappropriate for persons with MS. MS is not known to selectively damage cholinergic neurons. However, there is some evidence of decreased cholinergic activity in cerebral spinal fluid markers in MS, 7 and hippocampal damage in MS has been correlated with cognitive impairment, 32 though these findings do not mean that AChEI treatment would necessarily be therapeutic. As discussed elsewhere, 6 AChEIs have shown promise of benefit in a variety of other disorders in addition to AD, such as traumatic brain injury and Parkinson disease. There is some evidence that even healthy individuals may benefit from donepezil. 33 For example, donepezil improved performance on flight simulator tasks among healthy older airplane pilots. 21 Nonetheless, it is possible that the mechanisms underlying cognitive impairment in MS preclude any treatment effect from AChEIs.
It is also possible that the benefit of donepezil in MS is more modest than initially estimated, and therefore difficult to reliably demonstrate with a sample of the current size. The power estimation for the present sample was derived from the results of an earlier clinical trial in MS with donepezil, 9 and it is possible that those results represent an unusually large effect for MS. The current sample size of approximately 60 per treatment group is substantially smaller than that used in standard AD clinical trials, with sample sizes ranging from approximately 160 18 to 270. 19 Conversely, if the effects of donepezil are particularly small, then it could call into question the clinical or real-world benefit of the medication.
Another characteristic that might have influenced the present results is the choice of cognitive screening criterion. The inclusion cutoff on the RAVLT memory task was relatively mild, requiring participants to score at least one-half SD below norms. The subgroup analysis of subjects with more impaired RAVLT performance (below the fifth percentile on the RAVLT) did reveal a positive treatment effect on the primary outcome measure and showed a trend on 2 secondary cognitive outcomes. It is possible that if the entire sample had met this criterion of baseline memory impairment a positive treatment with donepezil might have been observed. Nonetheless, the participants in the current study were as impaired as those in the prior positive trial. 9 The trend favoring donepezil for the clinician's impression of memory change is interesting, but should not be overinterpreted given the multiple secondary outcome measures that were examined. Nonetheless, the use of a structured interview to guide the clinician's impression of change may have enhanced the sensitivity of clinicians' ability to detect improvement. This type of outcome should be further explored in future clinical trials for cognitive impairment in MS.
Cognitive impairment has proven to be very difficult to treat and with the results of this trial there are no medications that have consistently shown efficacy in MS-associated cognitive impairment. RCTs with symptomatic therapy using a different AChEI (rivastigmine) 13 or other agents such as pemoline, 34 amantadine, 34 ginkgo biloba, 35 and amphetamine 36 have also failed to show a consistent benefit on primary cognitive outcomes.
Overall, this was a negative study due to the failure of donepezil compared to placebo to improve memory functioning or other cognitive abilities (in the overall sample). Future studies with more effective agents are clearly needed to treat cognitive impairment in MS. 
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